In a collaborative study at three university hospitals, the recovery of microorganisms and the speed of detection of microbial growth by the BacT/Alert (Organon Teknika Corporation, Durham, N.C.) and BACTEC 660/730 (Becton-Dickinson Diagnostic Instrument Systems, Sparks, Md.) nonradiometric blood culture systems were compared. A total of 5,918 comparisons were made between BacT/Alert aerobic and BACTEC NR 6A bottles and 5,992 comparisons were made between BacT/Alert anaerobic and BACTEC NR 7A bottles. Each bottle was inoculated with 5 ml of blood. The overall recoveries of microorganisms from the two aerobic bottles were comparable; members of the family Enterobacteriaceae were recovered more often from BacT/Alert aerobic bottles alone (P < 0.001). The overall recoveries of microorganisms from the two anaerobic bottles were not significantly different. Growth of Staphylococcus aureus (P < 0.001), coagulasenegative staphylococci (P < 0.01), streptococci (P < 0.001), Escherichia coli (P < 0.01), other members of the family Enterobacteriaceae (P < 0.02), and Pseudomonas aeruginosa (P < 0.05) was detected earlier in BacT/Alert aerobic bottles. Growth of S. aureus (P < 0.001), coagulase-negative staphylococci (P < 0.05), enterococci (P < 0.01), Streptococcus pneumoniae (P < 0.02), viridans group streptococci (P < 0.05), E. coli (P < 0.001), KlebsieUa pneumoniae (P < 0.01), and other members of the family Enterobacteriaceae (P < 0.001) was detected earlier in BacT/Alert anaerobic bottles. In a system-versus-system comparison, more grampositive cocci were recovered from the BACTEC system alone (P < 0.05), and more members of the family Enterobacteriaceae were recovered from the BacT/Alert system alone (P < 0.001). As a system, the BacT/Alert system detected growth of S. aureus (P < 0.001), coagulase-negative staphylococci (P < 0.01), streptococci (P < 0.001), E. coli (P < 0.001), other members of the family Enterobacteriaceae (P < 0.001), and P. aeruginosa (P < 0.05) earlier than the BACTEC system did. Significantly fewer (40 versus 1,183) false-positive results occurred with the BacT/Alert system. We conclude that the BacT/Alert and BACTEC 660/730 nonradiometric systems are comparable for recovering clinically significant microorganisms from adult patients with bacteremia or fungemia, but that the BacT/Alert system detects microbial growth earlier than the BACTEC system does, with significantly fewer false-positive results.
Several commercial automated systems for detecting microbial growth in blood culture bottles have been developed during the past 20 years. These systems vary in the methodologies they use for detecting microbial growth, the types of broth media and media supplements available for use with each system, bottle atmospheres, the blood-to-broth ratio in inoculated bottles, the volume of blood that can be inoculated into each bottle, and the use of shakers or other agitation for processing aerobic bottles. To date, the most widely used of these systems have been the BACTEC 460 radiometric and 660/730 nonradiometric systems (BectonDickinson Diagnostic Instrument Systems, Sparks, Md.). BACTEC systems have been in use for many years, and their diagnostic strengths and limitations are well characterized.
More recently, Organon Teknika Corporation (Durham, N.C.) introduced BacT/Alert, an automated microbial detection system designed to detect microbial growth in blood culture bottles (16) . Although the BacT/Alert system also * Corresponding author. detects microbial growth by monitoring changes in CO2 concentration as microorganisms grow in blood culture bottles, it differs from the BACTEC systems in several ways. The primary differences are that the BacT/Alert system uses a colorimetric detection methodology, testh each bottle once every 10 min, agitates both aerobic and anaerobic bottles throughout the incubation period, and uses a growth detection algorithm that monitors each bottle for an increasing rate of change and/or sustained increase in CO2 concentration (16) . The incubation, agitation, and detection mechanisms are contained in a single unit (16) .
Results of a limited clinical trial with a prototype research instrument showed that the BacT/Alert system was comparable to the BACTEC 460 radiometric blood culture system in its ability to detect microorganisms in blood culture bottles and that large-scale clinical trials with commercial versions of the system were warranted (16) . We report the results of such a collaborative trial conducted at three university hospitals in which the BacT/Alert system was compared with the BACTEC 660/730 nonradiometric blood culture system by using bottles inoculated with 5 ml of blood from adult patients with suspected bacteremia or fungemia.
MATERIALS AND METHODS
Comparisons and analyses. During the study period, the BacT Table 2 ). The overall recoveries of microorganisms from the two anaerobic bottles were not significantly different, nor were there significant differences in the ability of the two bottles to recover specific microorganisms.
Of the 230 isolates recovered from both aerobic bottles, 11 (4.8%) were recovered simultaneously from both bottles, 46 (20.0%) were recovered earlier from BACTEC NR 6A bottles, and 173 (75.2%) were recovered earlier from BacT/ Alert aerobic bottles (P < 0.001) ( Table 3) . Staphylococcus aureus (P < 0.001), coagulase-negative staphylococci (P < 0.01), streptococci (P < 0.001), Escherichia coli (P < 0.01), other members of the family Enterobacteriaceae (P < 0.02), and Pseudomonas aeruginosa (P < 0.05) were each recovered first from BacT/Alert aerobic bottles. The overall difference in the speed of detection with the two aerobic bottles is illustrated in Fig. 1 as the cumulative percent positive cultures plotted against time throughout the 7-day incubation period.
Of the 204 isolates recovered from both anaerobic bottles, 3 (1.5%) were recovered simultaneously from both bottles, 25 (12.3%) were recovered first from BACTEC NR 7A bottles, and 176 (86.3%) were recovered first from BacT/ Alert anaerobic bottles (P < 0.001) ( Table 4 ). S. aureus (P < 0.001), coagulase-negative staphylococci (P < 0.05), enterococci (P < 0.01), viridans group streptococci (P < 0.05), Streptococcus pneumoniae (P < 0.02), E. coli (P < 0.001), Klebsiella pneumoniae (P < 0.01), and other members of the family Enterobacteriaceae (P < 0.001) were each recovered first from BacT/Alert anaerobic bottles. The overall difference in the speed of detection with the two anaerobic bottles is illustrated in Fig. 2 , which is the cumulative percent positive cultures plotted against time throughout the 7-day incubation period.
A total of 135 terminal subcultures were performed when isolates were recovered in one system but not the other by the end of the 7-day incubation period. Eight of these were positive, two with BacT/Alert bottles and six with BACTEC bottles. Four of six isolates detected by terminal subculture with BACTEC bottles were recovered from NR 6A bottles and two of six were recovered from NR 7A BACTEC bottles. For BacT/Alert bottles, one isolate was recovered from an aerobic bottle and the other from an anaerobic bottle. Three isolates recovered by terminal subculture were bacteria (one each of Bacteroides fragilis group, Fusobacterium sp., and Corynebacterium group JK), and five were yeasts (two Candida albicans, one Candida parapsilosis, and two Torulopsis glabrata).
In the system-versus-system comparison, 5,389 sets were received in which all four bottles were adequately filled. The overall recoveries of microorganisms were not significantly different between the two systems (P > 0.05) ( Table 5) . For specific microorganisms, the BacT/Alert system recovered significantly more members of the family Enterobacteriaceae (P < 0.01). In contrast, the BACTEC system recovered significantly more facultative and aerobic grampositive cocci (P < 0.05).
In the system-versus-system comparison, growth of S. aureus (P < 0.001), coagulase-negative staphylococci (P < 0.01), streptococci (P < 0.001), E. coli (P < 0.001), other members of the family Enterobacteriaceae (P < 0.001), P. aeruginosa (P < 0.05), and all microorganisms combined (P < 0.001) was detected first on BacT/Alert instruments (Table  6) . During the study period, 1,183 false-positive results (i.e., an instrument gave a positive signal on a bottle but Gram stains and subcultures of that bottle were negative) occurred during testing of study bottles on BACTEC instruments at the study sites. Of these, 700 occurred with aerobic bottles and 483 occurred with anaerobic bottles. In comparison, 40 false-positive results occurred during testing of study bottles on BacT/Alert instruments at the study sites. Of these, 22 occurred with aerobic bottles and 18 occurred with anaerobic bottles.
DISCUSSION
This multicenter controlled evaluation compared aerobic and anaerobic BacT/Alert blood culture bottles against the reference BACTEC NR 6A and NR 7A bottles inoculated with equal volumes of blood from adult patients with suspected bacteremia or fungemia. Simultaneous inoculation of all four bottles from single blood cultures also enabled a system-versus-system comparison of the BacT/Alert and BACTEC nonradiometric 660/730 instruments.
With the exception of members of the family Enterobacteriaceae, which were recovered significantly more often from BacT/Alert aerobic bottles alone, there were no significant differences in yield between BacT/Alert and BACTEC bottles in either the aerobic or the anaerobic bottle-versusbottle comparison.
Although BacT/Alert and BACTEC bottles were found to be comparable for recovering microorganisms, BacT/Alert detected microbial growth in both aerobic and anaerobic bottles significantly earlier than the BACTEC instruments did. Earlier detection of microbial growth by BacT/Alert probably was due to the detection algorithm (16 subcultures are not necessary with the BacT/Alert system.
In this study terminal subcultures were performed only when growth was detected in one system but not the other by the end of the 7-day incubation period. Therefore, we did not attempt to identify isolates which would have been detected only by terminal subculture (i.e., when all bottles were negative in both systems). Isolation by terminal subculture was so infrequent (8 of 135, or 59%), even when microorganisms were known to be present in the blood, however, that it is unlikely that a significant number of isolates would remain undetected by either system if terminal subcultures were not performed. Of additional interest is the fact that five of eight microorganisms detected by terminal subcultures were yeasts. As reported previously (13) , in certain instances optimal recovery of yeasts and fastidious bacteria such as members of the genera Neisseria, Haemophilus, Actinobacillus, Cardiobacterium, and Eikenella may require terminal subculture and/or prolonged incubation. Overall differences in yield were not found when BacT/ Alert and BACTEC were compared as systems. However, significantly more members of the family Enterobacteriaceae were recovered by the BacT/Alert system, and significantly more aerobic and facultatively anaerobic grampositive cocci were recovered by the BACTEC system. The reason(s) for these selective discrepancies in recovery is not known. Although BacT/Alert bottles contain slightly more SPS (0.035 versus 0.030%) compared with that in BACTEC system media, and higher concentrations of SPS are known to increase recoveries of gram-negative bacteria (4) while at the same time they may decrease the recovery of grampositive cocci (6, 17) , the differences in SPS concentrations probably were not sufficient to explain the differences in recoveries. The broth medium used with each system is based on a soybean-casein digest medium containing nutritional supplements. Although the specific recipe for each broth medium is proprietary, it is unlikely that differences in media formulation alone accounted for our observations, particularly since the differences in recoveries were limited to only two groups of bacteria.
Significantly fewer false-positive results occurred with
BacT/Alert instruments than with BACTEC instruments. The BACTEC and BacT/Alert instruments used at the study sites during the study period were used according to the recommendations and specifications of each manufacturer. Significant malfunctions did not occur with any of the instruments, nor were any instruments modified during the unlikely that they could be modified sufficiently to decrease false-positive signals to the number generated by the BacT/Alert system. Moreover, such modifications would simultaneously decrease the sensitivity of the BACTEC system, potentially resulting in delayed or missed detection of microbial growth. The lower number of false-positive results associated with the BacT/ Alert system is probably due to the computer algorithm used by the instrument to detect microbial growth. BacT/Alert bottles must attain either an increased rate of change or a sustained (linear) increase in the CO2 concentration to be classified as positive, and background increases in the CO2 concentration (such as production of CO2 by leukocytes) usually do not meet these criteria (16) . In contrast, back- ground increases in the CO2 concentration can exceed the numeric threshold values used on BACTEC instruments, resulting in false-positive signals.
The BacT/Alert detection mechanism does not require sampling of bottle contents, and therefore, bottle atmospheres are not replenished during incubation and testing. Recovery of strictly aerobic or anaerobic microorganisms from BacT/Alert bottles might therefore be expected to be inferior relative to recovery from BACTEC bottles, in which atmospheres are replenished at each sampling time and thus presumably have more well-preserved aerobic and anaerobic conditions within each bottle. Such differences in the recoveries of strictly aerobic or anaerobic microorganisms were not observed in this study, since strictly aerobic microorganisms such as P. aeruginosa (8) and C. albicans were recovered with equal frequencies from both BacT/Alert and BACTEC bottles. Furthermore, although the number of isolates was small, there were no significant differences in the recovery of anaerobic bacteria between the two systems.
In summary, this multicenter controlled comparison found the yields for BacT/Alert aerobic and anaerobic blood culture bottles to be comparable to those for BACTEC NR 6A and NR 7A bottles. However, the BacT/Alert system detected microbial growth before the BACTEC system did for a wide variety of pathogenic bacteria isolated in both aerobic 
